INTRODUCTION
Hyperinflation is a cardinal feature of pulmonary emphysema and an important determinant of airflow obstruction, exercise limitation and dyspnoea. 1 2 Lung volume reduction (LVR) therapy reduces hyperinflation by eliminating diseased lung that contributes to gas trapping. Surgical LVR has traditionally been the standard of care, and while effective, is associated with significant acute and subacute morbidity and mortality. 3 4 For this reason, it is now rarely performed. Endobronchial methods for achieving LVR, 5 6 while safer than surgical LVR, do not consistently reduce hyperinflation or improve lung function, and thus have not had a significant clinical impact on the management of patients with emphysema.
Variability in response to endobronchial LVR has largely been attributed to collateral ventilation, the process whereby gas enters the lung periphery through parallel channels in the diseased tissue. This renders devices, such as endobronchial valves, ineffective. 7 Interlobar fissure integrity has been correlated with the efficacy of endobronchial valves and is believed to be a marker of collateral ventilation. AeriSeal (Aeris Therapeutics, Woburn, MA, USA) emphysematous lung sealant (ELS) is a liquid foam sealant that functions at the small airway and alveolar level, and is designed to produce volume reduction independent of collateral ventilation. 8 This article summarises the effects of ELS therapy on lobar and total lung volumes, gas trapping,
Key messages
What is the key question?
< Can endoscopic lung volume reduction therapy effectively treat patients with emphysema who have incomplete fissures by CT imaging?
What is the bottom line?
< In contrast to endobronchial valves, which are ineffective for treating patients with emphysema with incomplete interlobar fissures, endoscopic lung sealant therapy produces equivalent lung volume reduction, improvements in spirometry and improvements in patient-reported outcomes in patients with complete and incomplete fissures.
Why read on?
< This article confirms that endoscopic lung volume reduction therapy using a peripheral acting sealant can consistently improve physiology and function in patients with advanced emphysema independent of interlobar fissure integrity, indicating that this approach may have broad therapeutic applicability for patients with advanced emphysema refractory to medications.
spirometry, functional capacity and health-related quality of life in patients with advanced upper lobe predominant (ULP) heterogeneous emphysema with and without complete fissures (CFs).
MATERIALS AND METHODS Source of data
Results from patients with advanced ULP emphysema (Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage III or IV obstruction) in three clinical trials using AeriSeal ELS therapy (NCT00884962, NCT01051258 and NCT01181466) are included in this report. 8 9 The studies were open-label, multicentre trials conducted at six teaching hospitals in Germany, one in France, one in Austria and two in Israel. Patient inclusion and exclusion criteria, which were common across the studies, are listed on the website (http://www.clinicaltrials.gov).
Assessments
Screening assessments included pulmonary function tests (spirometry, plethysmography and single breath diffusing capacity), 6 min walk test (6MWT), electrocardiography, chest CT scan performed at full inspiration, clinical pathology (haematology, coagulation studies and serum chemistry measurements), modified Medical Research Council Dyspnoea (MRCD) questionnaire, and St George's Respiratory Questionnaire (SGRQ) health-related quality of life assessment. Outcomes and CT imaging were repeated at 3 months post treatment. All CT images were obtained using a standardised acquisition/reconstruction algorithm (spiral acquisition using a multi-detector CT scanner with 0.75e1 mm collimation, pitch of 1 and 0.5 mm overlap).
Patients were classified as having ULP heterogeneous emphysema based on visual CT assessments by investigators in conjunction with their radiology departments. Treatment sites were selected based on CT imaging. Computer-based analysis of dicom images (see below) by the study Sponsor Corelab was performed independently for research purposes to assess fissure integrity and measure regional and global patterns of LVR following therapy.
CT analysis
Quantitative image analysis was performed using commercially available software using dicom source images (VIDA Diagnostics Pulmonary Workstation Plus Software, Iowa City, Iowa, USA). Fissure integrity was assessed using sagittal and coronal CT scan isotropic reconstructions. The major fissure on the left, the major fissure on the right and the minor fissure on the right were evaluated independently. A fissure was designated as incomplete if 10% or more of its measured length could not be identified on at least three consecutive 0.6 mm slices. Reviews were performed independently by two experienced readers. In instances where initial reads were not concordant, the two reviewers analysed the scan together to reach consensus. Fissures were scored as either complete or incomplete. Lobes were determined to have CFs only if all adjacent interlobar fissures were complete.
Data presentation and statistical analysis
Outcome measures post treatment were compared with baseline values and reported as absolute and/or percentage change from baseline. Descriptive statistics were presented as either mean 6 SD (for datasets demonstrating a normal distribution pattern) or median and range as appropriate. Statistical significance of changes from baseline and between subgroups was assessed by Student t test, paired t test or non-parametric testing (Wilcoxon signed rank for paired data, ManneWhitney U test for unpaired data). Comparisons of categorical data were performed by chi-squared testing. Statistical significance was based on p values subject to correction for multiple comparisons using the method of Bonferroni.
Multiple regression analysis was performed to identify independent predictors of improvement in forced expiratory volume in 1 s (FEV 1 ) and reduction in lung volume. Univariate regression between putative independent variables and each dependent variable (ie, DFEV 1 , D residual volume (RV)/total lung capacity (TL) and change in lobar lung volume assessed by CT scan) was first performed, and independent variables demonstrating statistically significant relations to each dependent variable were included in the multiple regression model. Fissure integrity status was specifically included in each regression model to assess its effect on dependent outcome measures.
RESULTS

Baseline demographics, medical history and pulmonary function
A total of 54 patients with ULP heterogeneous emphysema were enrolled in the three clinical trials. Complete follow-up data were available for 48 patients. Twenty-eight of the 48 (58%) had correctly formatted CT images at baseline and follow-up, permitting isotropic or near isotropic reconstruction for lobar volume assessments. The results from all 28 patients are included in this article.
Demographic information and baseline medication usage are summarised in table 1. The characteristics of all 54 patients are compared with those included in this analysis. Baseline characteristics are similar with respect to age, gender distribution, medication use and disease severity, indicating that the 28-patient subgroup is representative of the entire study cohort. Seventeen of the 28 patients had GOLD stage III airflow obstruction; 11 had GOLD stage IV. The majority (20 patients) were men. One patient used non-invasive facemask ventilation at home. Five patients were listed for lung transplantation at the time of study enrolment. One patient had previously undergone a pleurodesis procedure for pneumothorax. All 28 patients were using b-agonist therapy (14 short acting, 28 long acting), 25 patients were using inhaled anticholinergic agents (9 short acting, 24 long acting), 23 patients inhaled corticosteroid preparations, 7 theophylline preparations, 4 oral corticosteroids and 8 mucolytics. Nine patients were receiving domiciliary oxygen therapy.
Patients were treated at two to four subsegmental sites over one or two treatment sessions. Patients were assigned to the CF treatment subgroup if they received one or more treatments in a lobe with a CF. Only patients who received all treatments in lobes with incomplete fissures (ICFs) were assigned to the CF subgroup.
Baseline physiological and functional characteristics for all 54 enrolled patients and for the subgroup with evaluable data (n¼28) are summarised in table 2. Profiles are consistent with advanced emphysema, showing severe airflow obstruction, hyperinflation and functional limitation with reduced exercise capacity. Thirteen patients were assigned to the CF subgroup and 15 were assigned to the ICF subgroup. Comparison of the CF and ICF subgroups showed a significant difference in baseline forced vital capacity (FVC), although baseline % predicted FVC was not different. Patients with ICFs were older than those with CFs (66.365.4 years vs 60.165.1 years, respectively; p¼0.003). The two subgroups were not different with respect to smoking history, gender distribution, proportion of GOLD stage III versus IV patients, body mass index or medication use.
Summary of overall physiological and functional outcomes
The average number of sites treated per patient was 2.960.9. There was no difference in the number of treatment sites between subgroups (CF¼3.261.0 sites vs ICF¼2.660.9 sites). Efficacy outcomes following ELS therapy are summarised in table 3. Mean responses, expressed as percentage change and/or absolute change from baseline, and the fraction of patients showing post-treatment improvements equal to or greater than established minimal clinical importance difference criteria are presented. 10 Significant improvements from baseline were observed for all outcome measures when corrected for multiple comparisons (p significant ¼0.008). Improvements at 12-week follow-up were observed in spirometry (DFEV 1 ¼19.1621.5%, p<0.001; DFVC¼11.2617.1%, p¼0.003), gas trapping (DRV/TLC¼À6.5610.7%, p¼0.007), exercise capacity (D6MWT¼30.9650.2 m, p¼0.005), symptoms (DMRCD¼À0.8961.09U, p¼0.004) and health-related quality of life (DSGRQ¼À11.6612.4, p<0.001). Clinically significant improvements in spirometry were observed in 64% of patients, dyspnoea in 55% of patients, and health-related quality of life in 71% of patients. Patients with CFs and ICFs responded equally well to therapy. There were no significant differences between the two subgroups in any outcome measures.
Radiological characterisation of study patients
The heterogeneity index (HI) for the study cohort, defined as the ratio of the percentage of voxels with a density <À950 Hounsfield unit (HU) in the upper lobes (right upper + left upper) to that in the lower lobes (right lower + left lower), was 2.6261.74 (range 0.87e8.49). CT assessments of disease severity, expressed as lung tissue density and percentage of low attenuation areas <À950 HU (LAA-950), were À888.0618.2 HU and 31.4612.3%, respectively. CT indices of disease severity at baseline were similar in CF and ICF subgroups (tissue density: CF¼À889.1 624.8 HU vs ICF¼À887.0610.7 HU, p¼0.754; and LAA-950: CF¼34.9613.4% vs ICF¼28.4610.7%, p¼0.169). Eighty per cent of patients had CT evidence of at least one ICF (most frequently the minor fissure on the right). Bilateral ICFs were observed in 31% of patients. 
Impact of fissure integrity on response to ELS therapy
The average volume reduction/treatment was À2146127 ml (p<0.0001 vs baseline; median À203 ml, range À6 to À417 ml) in the CF subgroup compared with À2566175 ml (p<0.0001 vs baseline; median À261 ml, range À59 to À636 ml) in the ICF subgroup (p¼0.453). Physiological and functional responses to ELS therapy in patients with CFs and ICFs are summarised in table 3. Changes from baseline in FEV 1 , FVC, RV/TLC, 6MWT distance, MRCD score and SGRQ total domain scores following ELS therapy were not significantly different between the two groups.
Potential effects of fissure integrity on response to ELS therapy were further assessed across the cohort using stepwise multiple regression analysis. Changes from baseline in FEV 1 , RV/TLC and CT volume reduction were analysed separately as dependent outcomes. Independent parameters considered for inclusion in the multivariate modelling, and subsequently incorporated into the model dependent upon univariate regression results, included baseline HI, baseline CTseverity score, baseline % predicted FEV 1 , baseline % predicted RV, baseline RV/TLC, age, number of sites treated and fissure integrity status. The results are summarised in table 4. Baseline HI, number of treatments administered, baseline % predicted RV and patient age were predictors of FEV 1 response according to the following relationship: DFEV 1 ¼17.1 + 0.0773 % predicted baseline RV À0.6123 age + 2.2923 number of treatments + 5.2533 U/L ratio (p¼0.0317). The number of treatments administered was the only predictor of change from baseline in RV/TLC (DRV/TLC¼À0.010À1.5543 number of treatments; p¼0.047) and change from baseline in CT lung volume (DCT reduction¼À201.5À119.43 number of treatments; p¼0.0001). Fissure integrity was not an independent predictor of response in any of the regression models, and therefore did not influence ELS effects on spirometry, gas trapping or lobar volume reduction.
DISCUSSION
The presence of intact interlobar fissures, assessed by CT imaging, is a characteristic of patients with emphysema who respond well to LVR therapy performed using endobronchial valves. 11 Conversely, patients with ICFs have not responded well to valve therapy, presumably due to the presence of collateral ventilation. 12 13 Newer endoscopic volume reduction techniques have been developed to function independently of collateral ventilation. 8 9 14e16 One such therapy, AeriSeal ELS therapy, is designed to produce absorption atelectasis by flowing into the lung periphery and blocking conducting airways and collateral ventilation channels. The present analysis was performed to characterise the effectiveness of ELS therapy in patients with CFs and ICFs, and assess the relationship between fissure integrity and response to therapy in patients with advanced ULP heterogeneous emphysema.
Among the 28 patients included in this study, over threequarters had at least one ICF. Despite this, overall responses to ELS therapy were favourable. A total of 64% (18 of 28) of patients experienced clinically significant improvements in spirometry (>12% improvement in FEV 1 and/or FVC), and 71% (20 of 28) experienced improvements in health-related quality of life ($4 unit reduction in SGRQ total domain score) at 12 weeks. Improvement in pulmonary function was observed more consistently in patients who received treatment at three (75%, 3 of 4 patients) and four subsegments (70%, 7 of 10 patients) versus those treated at only two subsegments (43%, 6 of 14 patients). These results, along with the results of multivariate regression modelling, confirm a doseeresponse relationship for therapy.
ELS therapy was nearly equally effective in CF and ICF subgroups. At 12-week follow-up, lobar volume reductions, and improvements in spirometry, gas trapping and patient-reported outcomes, were not significantly different among patients with CFs and those with ICFs. Although there was a difference in age and gender distribution between the two subgroups (patients with ICFs were significantly older and included a greater proportion of men), patients were otherwise similar demographically (table 1) and physiologically (table 2) at baseline. CT measures of disease severity and heterogeneity, baseline pulmonary function, exercise capacity and dyspnoea scores were also similar. This study was not powered to detect small differences for all outcomes that might be affected by fissure status. To address this statistical limitation, multivariate stepwise regression analysis was performed to model the impact of fissure integrity on three critical outcomes: spirometry, gas trapping and CT volume reduction. The results, summarised in table 4, show that fissure status had no effect on the ability of ELS therapy to reduce lobar volume or gas trapping, or improve spirometry. Pretreatment to post-treatment changes in FEV 1 , RV/TLC ratio and lobar volume each were associated with the number of treatments administered. DFEV 1 was also associated directly with HI and baseline % predicted RV, and inversely with age. However, none of the dependent outcome measures considered in this analysis were affected by fissure integrity.
The results, summarised in table 3 and figure 1, show that ELS therapy can be highly effective in patients with CFs and those with ICFs. By contrast, results from the Endobronchial Valve for Palliation Trial (VENT) showed that patients with ICFs with upper lobe emphysema experienced minimal physiological or functional benefit from endobronchial valve therapy. 11 Together these findings suggest that ELS therapy may represent a better therapeutic option for patients with upper lobe disease and ICFs, while both approaches can be considered for patients with CFs.
In summary, these results suggest that AeriSeal ELS therapy, a new generation endoscopic lung volume reduction treatment, consistently reduces lung volumes and improves pulmonary function and functional capacity in patients with advanced heterogeneous emphysema independent of fissure integrity. This article is the first to show that an endoscopic LVR technique can be broadly effective across patients with advanced ULP emphysema, independent of fissure status. Additional studies are needed to assess long-term responses to ELS therapy in patients with ICFs and CFs.
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Journal club
Revisiting intrapleural fibrinolysis in empyema
In this double-blind, double-dummy, factorial trial performed across 11 centres in the UK, tissue plasminogen activator (t-PA) was used in combination with DNase in the treatment of pleural infection and compared with double placebo. Each treatment individually was also compared with the placebo group. The primary end point measured the percentage change in area of pleural opacity seen on chest x-ray between day 1 and day 7. The study also used the relative change in opacity, proportions of patients referred for surgery at 3 and 12 months, duration of hospital stay, pleural fluid volume drained, change in inflammatory markers, death and any adverse events as additional end points.
The combination of t-PA and DNase led to a significant reduction in lung opacity compared with placebos. Use of either t-PA or DNase alone had no significant effect. Of the secondary end points, a significant reduction in referral for surgery and hospital stay was found in the combined t-PAeDNase groups compared with placebo. However, inflammatory markers and the chance of death or adverse event were not significantly reduced in any group compared with placebo.
The findings of this trial show that a combination of t-PA and DNase significantly increases the drainage of pleural fluid in those with pleural infection while also reducing the need for surgical referral and the length of hospital stay. However, further research is needed into the risks and benefits of treatment before this combination becomes the standard treatment in the management of these patients.
